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7] 2.^1 ^7] ^^n7]%d\] ^^^^31 ^^S. o]^ ^(spaced apart) 

^ ^^^^ 7fl<^lH ^^^1=1-. ^7] «}-£^l7lJ^Sl 

<el^ ^Hefl^Ctensile stress)^. ^^^1 7] T^-C convert) ^7] 

£ 1 
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'y^^ ^11^* S.^ ^Hl^V^ «V£^l4i^>sl «o>^{Methods of 

fabricating a semiconductor device including a MOS transistor having a strained 
channe 1 } 

^iJE.(process flow chart)<=>l^. 

£. 9^ ^ ^^c^] A>-g-£]^ >iHell^^^ ^^(role)^ :e.o^^7l ^l-^l"^ <^ 

sl7>;^l2^ NMOS H^^l^E-l^^ ^/^^ ^^^1:^ ZLeflHolcf. 

£ 10^ ^ ^'^^ ^Al<moii 145^ ^]^^ j^MOS S.^:^]^^]^^ ^/Sl^ 
-i- ^ ^2fl^ 7l^oil 4e]- NMOS H^;^l;i:Bll-o] ^/^^ ^^^Ir-i: £^1*}- 

:£ 11^ 211 ^(compressive stress)* 1"^^* ^>-§-*><^ 

E^l-sl ^/iLH ^^^^^ n^^o]^. 
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£. 12^ >iH 511^^1- ^ #^V^<il^T-i- ^MS. ^^^^ ^ofl ^^^e) ^^^o] ^J^^ 

^ ^^^^ ^iE^l :^L;^>^ ^o.^. oi^^ ^fl,^^ 

di^V^ H^^liE^iq- 7ll^:5i;^>(descrete device)!- 

^ H^^liB^Chigh performance MOS transistor)* n^^^V^ ^<^1 

ofl, >a-7l 2.^ H^^l^Bls] ^ni^o^i AflelA>ol:= 7l#(salicide technique)**] ^ 

e] A>^5]J1 oiv^^ 

^7] 3.^^ ^^A}o]^^o^ ^^^^-Br ^^<^1 CH^>^ ^11 tiolcf. 

^-f<^l. -§-^(agglomeration)ol&l-j7 <^^^ ^^<=>\] 7]o]t\-c^ ^7] 3.^B. ^H^A>ol 
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^-g-oil tb7ll7]- SX^. o]d\] rej-s^., ^^6\] ^fle^AH^ 7l#ol ji^^:^ s.±i H 

(composition rate)* 7M ^ 9X^. Ir^S, ^7] A>ol:E.Bi-(nickel 

silicide layer)^ ^-o] M€ ^^^Al-oljc n^((jj_nickel mono-si 1 icide layer; Ni2Si 
layer), ^s1a>o]:c ^[-(nickel mono-si 1 icide layer; NiSi layer) lE^ 

cfo] ^e|A]-ol = ^V(nickel di-silicide layer; NiSi2 layer)'^ ^ ^cf. ol^. q^ 
Al-ol:B^-i-^ Aj.7i ^elA>olcn^(NiSi layer )o] 7}^ wj^^l^J- 

(resistivity)* ^fecf. ZLe^uf, >^V7l -^elA>ol:E.^>(NiSi layer)^ 350°C 

^1 550^21 ;^^oilA^ ^^^^^ ^^-Hl. ^7] cfol ^ejA>olcn^(NiSi2 layer )^ ^ 
550r:a.i^ ^£oilA^ ^^^^^nf. ttj-H^-^i, ^i^-1^^^s1(iow resistive) ^e^^H 

^^^^1-7] ^SflA-1^ ^1-71 ^S^Al-olcn^o^ ^^^^^ ^ ^ ^^^<^1 550 "C 

^7l j7A^^ E^^i>^^Bi» ^^^^}7] ^ cf^ ^J-'^^s. 
(strained channel)* ^^^^V^ iJ-^ol «> <^7lA-l, >^V7i o]^^^ i^fl^^ ^ 

e]^-a.cf ^ o]<^] T^-sf, ^7l ^^^^ 51]^ 1^21 7)1 el <H oi:^:£ 

(mobility)7l- ^7}s\o] ^7] S.^l H^^^l^iB]^ ^£1- ^^a-^ltlc]-. ^7] 

^11^* ^^^3^>^ ^o^'^*^ ol^^^l >I16,358,806 Bl ^ t^I^^ 
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^ ^15,683,934:£«^1 7W^^:^o] $X^. ^7] ^]^^^ ;^16.358,806 Bl ^ ^1 
5, 683, 934 J: oil v^^^, ^^7] ^fl^^ -^e)^ ^^#(silicon carbide layer) ^/ 

gc- oi]5q^Al«g ^^^7l#(epitaxial growing technique)^ >^>-g-^H HSlM-. 
oje^^ ^s^^ ^^f^Csilicon carbide layer) ^ <ill5i)^Al<g ^^^7l#^ ^fl^*l-7l -^^sfl 
'H-b -^^^V^ ^'^tb ^^#(complicate and accurate processes)<^l -^t^^^. 

^^(borderless contact)^ ^^^^Vb t^l^^s] ^16,265,271 

B1^<^1 Bflol(Thei) ^ofl ^«fl 711^1^ a> oj,t\., Eflo] :f-o|l tt|-s^, ^lelAH^ 7]^^ a> 

(densify). ^7] ^^e] 850t: 900^2] ^^l^lrcf. o] :^Jfo)l, >^ 

7l <i^^El ^7] <bizl-^^^l^o^ ^l^:^(densification)b 1-^ >^7l S.±i H^^l^i 

(CoSi layers; cobalt mono silicide layers) 2.^ -2.ii ^s^Aj-oljc n[-s.('pi5j 

layers)^! ^^o](phase transformation)!- ^^^1^1^-. >^7l S-i^ ^"S]^} 

^7l ^^^Sl >a-7l Sin 'iElA>o]^^VS-(i£^ .^7] Hl-olE)--^ S.hL 

'^■71 AflBiA>oi= 7l#oi ^flelAH^ 7l#<?l ^^o)], ^^-7] ^^^^l ^ 
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^5lAVol^q.o^ #7]-Al^tq.. o]6\] ttl-e)-, ^1-71 S.^ HSfl:^l^E.-l^ o] 

o]d\] xy\^}c^, l-e^^^ iB2ll:ii(low physical stress) ^ 4^^%=(low 

amount of hydrogen)^ ^S^l^^Vl- ^tflS^V^ «o^^<^l ^^1^^*] ^16,071, 784J:<H1 

^lB^-(Mehta) 71]^]^ W> o;ic]-. DflBj- -f-ofl icj-s^^ ^.i E^;;^1>^E^^ H> 

£^17]^ ^zj-x^^jn^^ ^^^tl:4. 725°C i^^l 775°C^ 

^fl5^A>olc 7]^^ A>-g.^>(^ ^1^5]^ ^-f'^Hl, ^7] <g^^e] ^^^^ 

^7] S.^ S^^l^BlS^ ^^(switching operation)ol ts]*}^ ^ oj^rf. 

^^Sj-A] 7] ^(optimize) ^o] A^^cf. 
^ ^^o] o]^ji^> 7l^^ az)-;^!^ ^1)^ iflSl 7ll5l<H§^ <>l-S-£(mobility)« 
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^71 7]^^ 3^^]^^ o]^7l ^^\c^ ^vtg^ oi^j-^ ^1]^^ 51.^ 

^^^slJl A^s. ol^^(spaced apart) ^ J^efltl ^=^^4 '^l^e-'i'H ^7] ^SL 

^ ^ ^Efl"?! '^g^ ^}<^]^ ^^^] TflolH ^^^4. 

B.^^^-^ <^^]^^c^ ^7] ^^^^^^ :iH£fl^(physical stress)» 

^HelliCtensile stress)^. ^^^17] >| i-fC convert) ^7] ^i^g- ^^eg^j^-^ 

^7>Al^t:1-. o]6\] tc]-5l-, >a-7l l^^e^^ >iHefli^2f ^#^>^ ^^7] 4i^^/:E.e^]^ 
#<ifl <a-^ ^Helliii(compressive stress)7> 7>B{l^cf. zl ^jzf, ^^-71 ^^:^i/=ell^ <^ 
^s. A>oloj ^1-71 <^^oii 01^ rf^HefliC tensile stress)7> 7>*{);^l£.^, ^7] ^fl^ 

'^^^ ^7>^ ^7^1->a-^( increased lattice constant)* ^B^Cstrained 
channel )S ^^^c]-. 

^^1^ '^^l:* TflolB ^ ^7] ^^^/:E.2fl^ 
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7] iH£fl^^^^ :iHBl]:^i(tensiIe stress)^ ^^^j^lTlM- 

(convert) ^7] >iHefl^^^ i^iBefl^i* ^7M^rf. >^7l l^sl^ ^Hefl^^ 

7>^;^1S£^ TflolH ^^^tbcf. ^7] 711 ^jJfl<sl^i 

» ^^^W. <^H^i, ^7] 711 olH ^ ^7l >i5lloiA^l. ol^^oj P>>i3#^ A>-g- 

efoi ^1-7] «:>^^<:g-^cHi #^1-*^ ^^d^>«^ TllolH <y= ^oil N^^ ^ 

^^/:E.Efl<?l <^^1-^ ^5Jl-^-^^, ^7] «]:£^l7l^«Hl NMOS B^:^liBl7> ^ 

oHI t-l^H. ^7l l->^j<^^uil- o]^^ rf^ «:>^j<^^oll PMOS H^^l^Bl7> 
€ ^ ^cf. ^1-71 NMOS H^^^lriE^ ^ PMOS B^^l^Bl^ 711 o]E ^ 
^^.^i/:^ell^ «^^^ >^oil ^lelAH^ 7l#^ ^>-§-^H ^s^A>oi^n^^ 
^7l ^Bl-^V^^l^^*"^^ ^£^fl7m^ >iHelli^^ ^^^^>J1, >^7l 

>:::Eefl>^ni- ^6\] f:^^^^(lower interlayer insulating layer)* ^^^tbi=f. ^ 

7l 3llE-1^3r>C^ ^V7l NMOS B^^l^Bi ^V-^o^ ^V7l ^^Eefl^^nV^ 

^^^o.^ ic^Al^n^.. cfAl ^«11A-1, >a-7l sflBl^^ ^>:^ ^7] PMOS B 

^;^liE-l cg^^* ^A^^cf. >^7] ^B2ll^^(exposed stress layer)* ^ 

^^2^*1-'^ ^Hefl^n^sl 1-5^ ^lo] oi^ :iBell^(tensile 

stress)^. ^^>««l7l7m-(convert) ^^71 ^m2ll^s]-o] o];^ iBsllifi* ^71-a1^ 
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cf. ZL ^4, ^7] NMOS unrestrained channel)^ ^J-^t:^. cf^<^l 

S. ^elM-, ^ ^'^^ «^7lA^ -i^Sjo^^l^ ^Alc^l^oil ^y^^T] ^ji ^Bfl 

^^^^ ^ ^SlJl ^'a;^H7ll ^ Apj-o] ^ O^^^ ^y] 

:^]^S\o]^]^ ^<^lT:f. £^-i-<^l # ^ ^^^1^ ^^^^^ 7l^l-7l 

:^^^] cf^ # 71:^ ^ofl ^^^^ ^ o;^7]a4 aVo]<h1 

7l];cil^ o;[cf. ^^1<H1 

^^i£(process flow chart)<^lJL, £ 2 £ 7^ ^ 

:£ 1 ^ £ 2» ^Si^M, a]-iE^l7]^(51)^ ^?§<^^oil ^^>^ 5^^(53)* ^>^^§> 

^1 1). ^7l TflolH ^^^-(55)^ ^fe «>£^l7l^^ ^ofl TllojH £^^i-(gate 

conductive layer)^ ^^^^^4. ^7l TflolH n^o;) 3E.-f^^ -^b] 

^^-2.^ ^^^^ ^ 9Xt^. ^7] TflolH ^e^l^srVaj ^7] 7flo]H ^^^(55)^ 

^^•^^ ^<^1 5111^(57), ^ 711 olH 1^ ^Tfl 3). Tflo] 

H 3^€(57)^ #>a«^^o^ 7}S.^]^5^^ ^^^€^1-. >a-7l TllolB 3fl^(57) 
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^1-^ ^'y^V'^ LDD lightly doped drain regions; 59)* ^^^tb^Ct 1^ ^^^^l 

5). ^7] m i-^i- ^]^^-Br m ^ ^^i^^s., ^7] m i- 

£ 1 ^ £ 3* ^^^^V'S, ^>7l LDD ^^*(59)1: «]:£^l7l:^5l ^Hl ^ 

"S'^^ i^flol'H^C insulating spacer layer)* ^^^^1:^4. ^^l^^l^i^i-^ ^s^^ 

^21-^ oll-^ S^^O.^ ^^^^ ^ SJl^. ^7] ^^^o]A^^^ o]^^A^ 

^^^H TflolB 411(57)^ >^H1 -b:3|lolAi(6l)l- 1^ 7). 

^7] 711 olH ^^(57), ^311101^1(61) ^ ^;^].«.eln|(53)o. ol^^o^ n>>^a»S. 
^>-g-*H lfl«^l >112 ol^€-* ^^^H :i^:^^/:^5ll<a <^^#(63) 

* ^^^tb^l-CS 1^ 9). ::l ^4. ^i-7l ^511o1a-1(61)^ ^>-^«^ll ^7] LDD <^^# 
(59)ol ^^t!:^^. ^7l ;^ll <^]-&^o] n^o] ;g-foil, ;^12 ol^s. ^ 

^1 ol^s-ofl ^i3-tbi=l-. cf*<^l. ^7] ±^^/^z]]9l <=g^*(63) vfls^ ^^-71 

^12 o]^!-* 4i^>i/H.ellol <^^-i-* ^^jtb^KH 1^ ^ 

Til 11). ^7] 1:^1- 01^*21 ^^^el 830°C vfl;^l llSO'C^ ^H^Hl^i 

l^^sl ^;^^* ^}^^}^ ^cf. ^7l 711 olH ^^(57) ^ ^7l i^r^i/H-eflo] 

•^^#(63)^ H-i H^^^l^BlS ^^^tlrcl-. >^7l ^^>i/:E.ellol <^^s.(63)ol N^<y ^ 
-f<Hl, 2.^ H^^l:±iE-l^ NMOS H^^lrfiBloll «fl'3-tbcf. 

>ie]A>ol:^ -^Tg, 2. >iHlAH= ^-g-t!:4(£ 1^ 13). # 

^^H^.^. -^71 i^>h/:E.ell<y <^^1-* «]:£^^ll7l:&^ 5.^* ^Hl^^V 

38-13 



1020030038889 #^ <^^>: 2003/6/26 

<^ 31)^(57) ^ ^7] ^^^^^ °^^me3)^ ^<^1 ^ 

^^\^ ^V'a^arsl-^Cnative oxide layer) ^ '^^l-i-C contaminated particles)* ^]7] 

^^^(pure nickel layer) iSE^ ^^^i-(nickel alloy layer)^S ^^^^ ^ 9X^. 
^7] ^^^^ ^l:f-(Ta). ^]^3.^iZr), n^]^^ai) , ^IS-^MHO , ^^^^ 

(W), ^^H(Co), «-^^(Pt), #H^«t1l^(Mo), ^^^MPd), wVM-t^^CV) ^ 
(Nb)-9.S. ol^c^l^ <a ^<H£ ^>i4^ ^-frtb^(contain). 

^l^^^i, ^7] q^^^* ^-£^17]:^:* 35or vfl^i ssor^ ^■i^<^i^i <i^s1 

tbcf. H ^7] q^B]-ol ^V7l TflolH 3|]^(57)S1 ^^1-1- ^ ^7] ^^^/ 

:E.ell<?l <^^1:(63)S1 ^h^^ ^^>#3J)- aV-g-^H ^7] TljolB 3fl^(57) ^ >^7l 4i^>i/ 

(NiSi layers; 65a, 65b)# ^S^^^l^cf. ^7] ^elA>ol^ ^£(si licidation. 

annealing temperature)7> 550*CJli=l- ^elA>olcn^s. 
(NiSi layers) ^^^] ^7] Si^ ^el>«>>ol = ^J^nf q^ t]-o] ^ 

s^A>ol^n^(NiSi2 layer)ol ^^^^cf. o]6\] vc^b\, ^7] ^^^}o]b.s\- ^£(si licidation 
temperature)^ 350*0 xfl^l 550*0^ ^i^tl w>^^^>q-. o]o^a^, ^^7] :ii^]o]A] 

(61) ^ i;^>^5^^(53) q^^Cunreacted nickel layer)* ^]7]^}^ ^ 

7] S-h:. ^slA>o]cn^(65a)^ ^7] :^]2 q^ S-i^ ^alAVojc 5^(555) o.^«.El 

^7]^o,^ ^el^l^q-Cdisconnect). ^7] r2]nv^^ q^^^ %^-§-^ (H2SO4) ^ 
2|-^dfci(H202)^ ^^-g-^ (mixture)* A>-g-s:><^ :^]7]^ ^ oj^cf. 
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>iH5ll^^^(stress layer; 67)^ 1^ 15). ^7] iH5ll^^i-(67)^ ^ 

oxide layer), ■S^Vf' ^^^(ALD; atomic layer deposition) ^ <^l^^^m-(SOG; 

spin on glass)-^S. oj^o^^ ^ ^<>|i^ ^VM"^ ^^^^ SZ^-. 

-^71 ^H5^1^^(67)^ 50A ^fl^l 2000A^ ^^^IS. ^^^*>^ ^o] w>^2j§l-cf. 
atb, ^He]l^^(67)^ i^€.^elA>ol^^s.(653^ 65b)s1 >a-^<^Uphase 

transformation)!- «J-^1s^|-7l ^^}<^ 550t; ^^^^>^ ^o] w>^-ai^> 

^. ^e1§ ^2^-^> ^ 550°Ci4 ^s. 

^^^^ #e1-S^> CVD ^;^>f^ #^(ALD) 7l#^ a>^*>c>^ ^^^*>^ ^o] wV^^l 

^>Jl, ^V7l ^i<a- sj-^yl-^V^a}- ^^B]-^ ^-l^^^^CLTO layer; low temperature oxide 
layer )-^S. ^^^s:>^ ^o] ti>^3i^l-4, 

^l^«fl>^i. ^7] iHefliB^-(67) >a-<Hl ^1--^ f^^^-^^^dower interlayer 
insulating layer; 69)^ ^^^tb^^KS 1^ "d::^] 17). ^]-^ f^^^-^l^Ceg)^ 

tb^. ^S-^l7l^(51)<^l ^^7] NMOS o>^e^Al pmoS H^^^I^b^C 

^^)7> ^^^^ ^^<^], ^7] #^^<?!^(69)# 2flBl^s:H -^7] NMOS S 

^xl>;E^ Lflo^ ^V7l ^Hefl^B^(67)# ^^2^0.^ ^o] wl-^^i^>c}.(t£ 

1^ ^^1 19). ^. ^1-71 PMOS ^7] 511^^(67)^ ^7] 2llEi^ 

^ ^:^^'^^(69)-^S. ^o] wV^^j^Vc^.. 
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^^B.^]^me7)^ riiBefl^^l- ol^v iHefl>.(tensile stress)^. ^^^]^]7]^ 

^7l iMElli^^(67)Sl oi;3- 211^1- ^7}^^^r^(S. 19] ^;^] 21). <^11- 1-^ 

, ^^71 ^7l 21 (initial) ^Befl^i^^(67)6l o]^ :^Hsll:^i(tensi le stress)!- 

^-f'^l. ^^^^ 2:71^ ^:^5i]^p^(67)o] c-l^ oi:.j- >,Hefl>il- 

^7] ^H5ll>i^(67)3l- ^#^>^ >a-7l ^^>i/:=efl^ '^^*(63)<^1 7j-^ oj-^ ^ 

Hefl^C compressive stress)7l- 7>^^cf. ^i)-, £. 5^ s\-^S. "N"<^1 ^«fl 

7> 7>«fl^tq-. c|-Al ^«flA-^, ^71 ^11^ unrestrained channeDS. 

^reconverted) ^7}^ ^^>^^( increased lattice constant)* ^ 
7] <y^l-^ iflo^l ti]:^ ^11 r( inversion channel)*^] ^-f <Hl , ^l-7l a]:^ 

ifl^ ?flsl^l-(<^l» ^V^^^^Vl-)^ <^l^H(mobility)7l- ^7}s\o] ^7] 3.^ 

-y-71 >iBefl^B]-(67)^ 'i^^sl ^A] >a-7l ^el^l-<5l = ^#(65a. 655)^1 

^l-^ol^ «oM^l-7l ^s><:^ 400°C 550°C^ ^i^-^l^i ^^l^>fe ^^1 wf^^^l-cf. ^ 

71 iH^l:i^(67)^ ^^e1 7>>.l- ^^7l 7>^S. A>-g-*>o1 ^^1^ ^ 

^. 

£ 1 ^ £ 6* ^2:3^1-'^, ^^^£l^ iBefl^^(67)* «}-i^l7l^^ ^ 

^ ^Hl #^^^^(71)* 1^ ^^1 23). ^71 f^^^^^(71) 
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^A] ^^7] f^^^<?l^(69)32}- ^o^^ ^^^o^S. ^ ^cf. -^71 #:?>^ 

<34> >^V7) aV3E^] 7l:^( 51 ^7] NMOS B^^^l^El-ir^ol ^-f<Hl^. ^7] 

<35> £ 1 ^ i 7^ ^2:^1-^. -^7] #:^^<a^-i:(69. 71) ^ ^^-^l ^HOl^ii 

^■(67)^ sflBi^^l-c^ ^7] ^12 ^SlA>ol^n^s.(655)^ }^%X\7]^ ^^^^^ 

Si^^. ^71 ^^^s.^ «ViE^l7lJ&Sl ^6\] ^^^^ ^7l 

^ ^7l ^^tifl^l-(73)^ ^^Jtb^l-. 

<36> <^-^'^l-i-; examples> 

'<37> oj^HA^^, ^v^^ ^Alo^]s.oil rq-E). ^1^^ Al^i-Csamples)^ <^^]7}^] ^^^4 

•i-(various measurement results)^ ^^*l-7ls. 

2flH<^l 7l-S.^(abscissa)^ l^^e) :3.f-(B) ^ :3.1-(A)^ M- 

Bl-iflzL, ^flS^(ordinate)^ ^7] <el^ ^Hefl^* M-B)-»^rf. ^7] ^Heflri^^ -M&l^ 
^■Il<5l3)(bare silicon wafer) ^<=]] lOOOA^ ^^1* -^>^]^^]^^<^]^^^ 
^^^^V^cf. ^7l ^e^^ ^Aiq-olHsl-olcn^-o. Tcs] ^£o11a^ #Hi-^o> CVD 7]^ 
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* A>-g-s>c^ ££t!:, ciiHell^i^^ l^^el SSO'CS] ^^oflAi 30 

^ ^91 ^^M'^^. ^] ^^7l 7}^^^^ 7}^7} A>-g-£]o^Cf. 

<39> 8^ #S*>^. ^7] ^7]S\ ^^1 ^^1 BB^-ol :^bv^ ^1= 3.6>109 dyne/crf^ 

-§-5]^ ^Heflr^i^-o^ -S.^^-. 
<40> H 9fe -iElAVojjc 7]^^ >«>>-g-^><^ NMOS H^^l^^E^^sl ^/^S 

^^^(^, ^ ^ 'S-^^:^! (correlation)) ^ M€ >aE|A>ol:B 7] 

^V-g-^H NMOS H^^l^E^lrO^ ^/Sl^ ^^^^ S^ltl: :3.2flHol cf. 

92] Zl2ll^<Hl o;[o^A-l, 7>S.^^ ^11^ 4^(per unit channel width) ^^91 S.^- 

^^(drain saturation current; Idsat)* M-B|-ifl3i, /-fl^^^ c]-^ ^))^ s.^^ 

^^(drain off current; Idoff)!- i4Ef'^i=f. ^7] ^efl^ 5L5|-^^(Idsat)^ 
^ '^g^ ^ ^3. '^^■g: ^x]Al7lJl J^eflo] ^ 7llo]H ^^^fl +1 l-H^ ^^^^ 

(power supply voltage; Vdd)^ ^7>^ ^-^<^1 ^7] JBefl^ **><^ Jl^^ 

^^71 :^e)ioi ^-^(Idoff)^ ^^-71 <=m , ^3. ^ TflolH 

^1-71 ^eflo] c^^ofl ^y] ^^^<y-(vdd; +i 1-H)^ ^7>t!: ^-f<^l 

>a-7i :^5fl«y ^i-^i-o^ ^^oicf. 

<4i> £. gsl ^^:i3)-i-(measurement results)^ NMOS 

[S. IM 7l7l]^ S^*(key process conditions)* >^>-§-*>«^ ^1^^^^. 

<42> 
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<42>i020030038889 



^^ 'U^}: 2003/6/26 



[S. 11 



3fef°|Ei 






^A|u|-oiEel-o]Eo|.(sjON), 16A 


2.7l|o|E 




3.LDD ol-8r^<y 


Arsenic, 2.5>40l4 atoms/cnf, 5KeV 




Arsenic, 5>10l5 atoms/cnf, 40KeV 




1050r:, ^^7|, <l^lej(RTP) 




^11 ^^He) ^£(45010 450 TC 
^12 is^e^ ^£(830t;) 




-^e|$ ^A|u|-o|Eaj-o|crq-(SjON), 500A, *e|-^o|- CVD(400'C) 




8501C 1 >8Sf( skipped) 



S1-(A)<^1 Hl^H €• i^^^Clarge drain saturation current)!- 

<^11- 60nm^ ^fl^ nmqS B^^l ^iBl^-o]] oJ:o]a^^ ^7] J^ellol 

-^^ ^^(Idoff)7l- 1000 nA/^flnol^# , ^7] ^elA>olc a1^s.(b)^ 900 

uk/m^ 5£5|-^^(Idsat)* .a^Ji ^7] 3.^^ ^slAfojjE. gOO 

fik/im^ S^^^ddsat)* ^7] ^s^a>o1c a1^^(b)7> 

l^^el ^^0)1 71 -il^^ ^fl^*(strained channels)^ ^7] nfl^^ 

^7] ^5lA>olc Al^-i-^ ^7] ^5^><«1-<>1:= ^lM(A)fi1- ^-at!: 

o]^ Al^s.(A) s.:^ [S. l]d\] ^c^^ w}9]- ^o] ^7] <^^^ 

^M^^7] nfl^ol ^-^S. o]*fl^ ^ c^z].. 
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3^ 10^ ^lslA>olc 7]^^ A>-§-^>o^ ^]^^ NMOS H^^l^iE-l-i-^ ^/^B. € 

^ ^^]^ ziEflHolcf. S. 102\ iiEflH<^l ^ol^i, 7>S.^^ 511^ ^"^(per 

unit channel width) S.^]^ 5.5|-^-^(drain saturation current; Idsat)* i4H)-iflji, 
^flS-^^ ^11^ :B511^ ^^(drain off current; Idoff)# ^ 

7] iSl-^^(Idsat) ^ ^B. ^^(Idoff)^ £. g-^l^i ^^S^* 

31- wH^H^ ^>-§-*H ^^Sl^cf. 

£ 10^ ^^^4* (measurement results)^ 21 NMOS H^^I^bI^^ rf^s] 

[K 2M 7]^^^ S^*(key process conditions)* ><«>-€-s^V<^ 

<47> [S. 2] 









^e|^ ^Am-o|Eq-o|E^(SiON), 16A 


2.7l|o|E 




3.LDD o)^^oj 


Arsenic, 2.5>10i'* atoms/ciif, 5KeV 


4.:dl^i/S.5)|'?i oj^^oj 


Arsenic, 5>10l5 atoms/crf, 40KeV 




1050 TC, ^± ^^7|, <a^1ej(RTP) 




450 r 




SiON, 500 A, ■i•^^-^o|- CVD(400t;) 




^^^(skipped) |450t;, ^^7], 30^ 



>a-7l ^s^AH^ Alss.(A)o^ j^efloi j£^^^(idsat)°ll ^]^}^ 

, ^7] ^eflol ^^(Idoff)7> 100 nk/m'^]9X-i: ^, M€ ^elAj-olc Aj^s. 

(A) ^ ^ 590 M/jwnSl ^^]<^ isj-^^Cldsat)* :e.^Ji >a-7l -^5:iA>olc Aj^^ 

(B) ^ ^1= 620 uk/m^ ^^]9l 5L2|-^^(Idsat)* <^]^ ^7] ^b1a>o]ie. X\ 
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S1:(B)7> ^^<^1 7lol^l.<^ oi;g.^ ^fl^-i-(strained channels)^ 

^7] ^ASlS. ^ 9X^. 

<49> £ W^^^} CVD ^Belli^^^S. a>-§-*>o^ ^]^^ NMOS H^^l^El 

^11^ ^^^-Cper unit channel width) S.5|-^^(drain saturation current; 

Idsat)!- M-El-iflJL, 4^^^ ^11^ ^^(drain off current; 

Idoff)* M-Bl-i^i^f. '^-71 :e.e11«?1 3E.2|-^^(Idsat) ^ =efl<y ^H. ^^(Idoff)^ 5. 9<H1 
^^^^1-^ ^'U^ tiHo^^, ^>-§-^H 
<50> s. lis] ^^^^41: (measurement results)^ :e.<^^^ NMOS H^^l^BH:^ .^-w^ 

3]<^1 7l7fl^ S^-l-Ckey process conditions)^ ^>-g-^><^ ;^l^)-sl ^cf. 

<5i> [S 31 





NiSi A|it^(c) NiSi 


1.7l|o|E ^o^nj. 


^^3. ^Amo|EH^.O|ED^-(SiON), 16A 






3.LDD 


Arsenic, 2.5>10i4 atoms/crf, 5KeV 




Arsenic, 5>10i5 atoms/crf, 40KeV 


5.ij2.rii/:E.Bl|oi 1*|ej 


1050TC. ^^7|, ^*^e^(RTP) 




450 "C 




Si02. 500 A, CVD(400"C) 




^5§F(skipped) |450t:, *^7|, 30^ 



S. 11* ^^^e] ^ll^tb NMOS H^^I^b]!-^ J^efl 

*y 5.5|-^^(Idsat)^ ^1-7] ^Hefl>i^5l <^^B] ^c] ^1^^ NMOS H^^l^B^^o] 

B-^M 5.^^^(Idsat)oll wl^l-c^ ^^i^l-^cf. ^, >^7l ^BlAl-ol= X\s. 
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(Idsat)^l ^]^}^ ^v^sjo^cf. o]^ >^7l >;E5i]>^nvo.^ A>-§-^ l-s^-^^V CVD 

i^lB^^l:i(compressive stress)!- ^7] nfl^^i ^o.^ ol«fl€ ^ Sitij-. it)-e^-A^ , 400 
r-^l^i ^^^^ l-el-^^> CVD -tl-^^^^ ^ ^^^ofl A>-g-sl^ ^BEfli^o.^ -^^^ 

IE 12^ >.Hell^^ ^ f^^^^^-* ^>^S. ^^^^ ^<^1 ^^^El -^;^oi ^-g-^ 
NMOS B^;^liEl#Sl ^/^H ^ ^7] -i^^El ^^o] ^-g-s);^] NMOS B 

^^]>iBll:0] ^/^H ^^^^ S^ltb neflHojcV. £ 12^ n^^c^] 7>^ 

^11^ -^^C per unit channel width) isl-^^Cdrain saturation 

current; Idsat)* ^^^JL, ^S.^^ ^l]^ :E.5ll^ ^S. ^^(drain off 

current; Idoff)» M-Hf^^cf. -^"71 ^H]<ii i^^^(Idsat) ^ ^^(Idoff) 
^ Sl 9<^lAi :g-<atb w><^H^ ^^^-i: ^}-%-^}<^ ^^^9X^. 

S. 12^ #^^3).^ (measurement results)* :a<^^^ NMOS B^^^l^iiBll-^ rf^S] 
IS. 4M 7]z^^ S:?i*(key process conditions)* ^>-§-^>«^ 

<55> [JL 4] 







1.7llo|E ^<gDj. 


^ej^ ^Aiu|.oiEsfo|Es]-(SiON), 16A 


2.7llo|E 




3.LDD <il'8r^<y 


Arsenic, 2.5>40i4 atoms/crf, 5KeV 


4.dti:ii/:£e]ltl '^l^^'y 


Arsenic, 5>10i5 atoms/crf, 40KeV 




lOSO-C, &^7|, 1^^ej(RTP) 




450 1: 




SiON, 500A, -&ef2.Dl- CVD(400t:) 




LTOdow temperature oxide), 5000A 




-^^^Cskipped) | 450'C, ^^7|. 30$ 
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t^e^-^i. ^ 1-^^ Jl^* ^71 ^n^^^ ^7] ^Hefli^^ ^^o] ^^7] 

^oll >a-7l #^^^^^1 ^<H1 •^Al5]o:|o> ^t\., 

^>^, ^11^* 3.^^ B^^l^E-ll- ^>^^^>^ ^o] 7l-^^l-i:f. 

^<H1 ^Hefl^l- 5^-^ ^^^^>^ ^7] ^^^^ <i^-le]^o.^>H ^fl 

^(strained channel)^ S-i H^^l^Ell- ^^^^ ^ ^^f. tcl-s]-, ^^"71 S.^ 
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11 

y] ^^n]7]^^] ^^^5]J1 A-ls. (spaced apart) ^SL^ °m 

^Sl^i -S-^l ^ ^eflo] A>olo] ^1]^ ^^6]] ^A^^ TflolB 

efl^Ctensile stress)^ ^^^l7']>m-( convert) ^7] :±:BBll:^^^ ^^H^ll^* ^ 

2] 

^7) a.^ E^^i^^^E-l^ NMOS ^-i- ^^1-^^ «}:£^1^^>S1 

3] 

^7] ^iHefl:^!^]-^ ^^^3>7l ^ofl, TflojE ^/SE^ >a-7l dL^i/JBe^]*?! 
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[^^^ch 4] 

^1 1 %H1 9X^^^. 

5] 

>^i-7l <a^j- ^1-71 ^^a}-^ ^sl^ ^51-^, ^Amoi^el-oi- 

^-1*^- ^n^]^^^ ^^miPCW oxide layer). -S^^V* ^^HALD) ^ <^l>i 

-^L^l^CSOG layer; spin on glass layer)-2.S ^ f-.^^ 

6] 

^1 5 9X'^^^, 

^7] ^ ^7] ^^^^} CVD 7l# 

7] 

^1 1 ■%<^] 9X<=>]^^, 

^7] iBeflr^^^-a- 50A 2000A^ ¥^1^ ^^^s:>^ ^^.^S aVi 

^]^7^9] ^HlS^j-'^. 
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[^^IJ- 81 

^1 1 %H1 SX'^^^, 

^7] ^^^^^^ ^^^^t}^ ^-Br 400"C vfl;^l 5501CS1 ^iE«HlAi ^a]^>^ 
9] 

^7] ^^Sl ^^7l 7>>i(ambient gas)^>H 7>>i» A>-g-*]-<^ ^^1^>^ 

{^^^^ 101 
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efl^Ctensile stress)^, i^^^l 7] T^-C convert) ^i-7l riiHefli°]-o] -^l^ # 

[%^^%^ 11] 

^1 10 9X<^^^ . 

^1-71 4i^>^e^^ ^ ^7] TflolH P>>ha.-i-^ ^>-§-*><^ ^71 

12] 

^1 10 ^<H^i, 

^V7l ^s]A>ol^n^o^ ^ElA>ol:^n^(pure nickel silicide layer) 

^B1>^><^1:= ^(nickel alloy silicide layer)^ ^^i-^S ^S. 
^]±7}o^ ^]^^^^. 

I^^^*^ 13] 

^1 12 *j-<^l 

^71 ^el^H:^^^ ^l:f-(Ta), ^l=s^(Zr), Bj-ojEl-^di ) , ^l-^u) 

^(Hf). ^^^^(W). S^m(Co). «-^^(Pt), l-&lW-iHl^(Mo). ^2l-c1-g-(Pd), wMcl-g-(V) 
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14] 

^1 10 9X^^^, 

^7] iEB)l>^^o|o. ^^3. ^^^^ ^e)^ ^^molEel-olcn^^ oj- ^■^y]^^^^. 

^2l-^(LPCVD oxide layer). €^>^ ^s^"^ ^ <^1^^^1 ^i-(SOG layer; spin on 

glass layer)-9.S ^l^^H^ ^ *>M-fi] ^'^^sl^ 

15] 

^1 14 %H1 ^o^^i, 
16] 

^1 10 ^<H^i, 

rfiHE^l^^^ 50 A 2000 A ^ ^^S. ^^^^-^ ^^1-2.5. 

[^^^iJ- 17] 

^1 10 '^i, 
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^7] >iHell^i5|^ 'i:^Sela:>^ 400'C 550°C^ ^i<HlAi ^a1^>^ 

[^^^ 181 

^1 17 ^<H1 ^Zol^i, 

^. 

19] 

^7] 711 olH ^ ^1-71 i5|lolA-l§ <^1^^^ n>>h3l:S A>-g-srl-o^ ^^-71 <^ 

^cHl N^sl ^^^s.^ ^'a^^V*^ ^7l 711 olB ^^sl oj: ^ofl N^o^ ^^>i/:Bell^ 

^7l 711 OlB ^ ^^7l N^^ 4l^^/=5ll<^l <^<^-i- ^Hl >iSlA>olc 7l^^ a> 

>a-7l l^^i ^B]A>olcD^^ Ol:£^l7l:^Sl >^oll ^^^«^>J1. 

^7l :dxB5ll::^i^ ^oll *>-^ ^^^'S^Clower intcrlayer insulating layer)* ^ 
^^^>^. 

'S-71 ^^^<?i^* sflBl^^H >^>7l ^■^^'^^ ^-^^ ^7l iBell^^* 

#^l7lJl. 
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^7] ^Hell^^Cexposed stress layer )^ ^^^e^^M 

^ni-o^ ^el^o] oi^ iHefl:^i(tensile stress)^ ^^^1 ?1 7l convert ) 

20] 
^1 19 «j-<Hl 

^71 4i^>^el^ ^ ^7] TflolH <^1^^^ P>.fi3«-S. ^}-%-^}<^ ^7] 

^n<=>\] ^*a^>^ N^S] <lt:lt:^ <:g^^ ^^^^^ 5L^*>^ ^ 

i^^^^ 21] 

^1 19 9X^^^, 

^7] -^e^^V^^l^^i-^ ^elA>o]cnT-(pui.e nickel silicide layer) 

^2l>^>ol = ^(nickel alloy silicide layer)tl ^^-^S 

[^^^J- 22] 

^1 21 %i-oil 9X'^^^, 

^7] ^e|A>ol^n^^ ^l-l-(Ta), ^lHs^(Zr), Bl-oiEf^di ) , Bf^q 

^(Hf). ^^^^(W), ^^H(Co), «-^^(Pt). l-sl«.cll^(Mo), ^el-cl-g-(Pd). ti>M-c1-g-(V) 
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^ q^wl^(Nb)^S. 01=0^^ <^ ^o]s. ^>M-1- ^-B-^>^ ^^^^ 

23] 

^] 19 *J-<H1 ^<H^i, 

^^M<=>]^^o]^^, s\-^7]^^^- 
^s^miPCW oxide layer), ^7}^ ^Vsl-^l ^ ^(SOG layer; spin on 

glass layer)-^^. <5l^<H^ ^ *>M-^ ^'^^^^ ^^i-^S. 

[^^^J- 24] 

^1 23 Sl'H^i, 

[^T^^ 25] 
^1 19 %H1 

^7] :iHe11:ii^^ 50A ifl^l 2000AS] ^-^^^V^ 

26] 
^1 19 ^<H1 
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^7] ^^^i]]^^^ '^^^^^^ 400X: ifl^l 550°C^ ^^1^1-^ 

27] 

^1 26 «J-<H1 ^<H>H. 
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11 



LDD o|S ^61 



Ml! ^aiAK>l£ 3S 



^ S9 (Metallization Process) 
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[S. 61 




M N M 



IS. 7] 




M N M 
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IS. 10] 
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